Background: Numerous injury epidemiology studies have reported injury patterns in senior rugby union, but investigations in youth rugby are limited.
Rugby union is one of the most popular worldwide sports, ranking second in participation rates only to soccer as a football code. However, rugby union has increasingly come under scrutiny from an injury perspective because the incidence of injury at the professional level is one of the highest of any team sport, 6 albeit with similar injury rates to other full-contact sports, such as rugby league, 19 Australian rules football, 36 American football, 25 and ice hockey. 29 Compared with semicontact team sports such as soccer, rugby union has 4 times the incidence of injury, with the potential for more serious injuries. 33 Injury incidence and severity have been reported for senior amateur and professional rugby union, with the consensus being that injury rates increase with competitive level. [1] [2] [3] [5] [6] [7] 23, 40 Young people are thought to be at a relatively greater risk of injury if they are exposed to high levels of sport participation during the time when musculoskeletal developmental changes are occurring. 17 Injury risk in youth sport is multifactorial and is modified by skill level, 9, 38 physical characteristics, 30 and competitive environment. 38, 39 However, injury surveillance within youth age group rugby union is somewhat limited in scope and scale, and comparisons suffer because of the variety of methodologies employed. Existing data generally show that incidence rates in youth rugby union are lower than in senior rugby union, 20, 34 with increasing incidence in the older youth age groups. 15, 20 Injury patterns, in terms of location and types of injury, are broadly similar to senior rugby. 15, 24, 32, 34 England has the highest youth rugby union participation in the world, 22 but to date, only small-scale injury surveillance studies have been conducted within the English game at youth level. 20 Therefore, the aim of this study was to describe the nature of injuries resulting from match play within English youth rugby union, including a comparison between 2 levels of play within the same age group: professional academy versus school rugby.
METHODS
The study was an observational prospective cohort design that used a questionnaire-based data collection procedure. Data collection occurred over 2 complete seasons (2006-2007 and 2007-2008) and involved 12 English Premiership youth academies and 7 senior school rugby union teams. The Premiership academy players were associated with the Academy (youth) sections attached to each of the Level 1 professional clubs within England who play in the Rugby Football Union (RFU) Premiership competition. The academy players represent the elite level of youth rugby (15% of the academy cohort represented national age-group teams during the study). The school players were recruited from very established rugby-playing schools, which generally performed well in national-level school competitions. Players participating in the study were aged 16 to 18 years and were excluded if they had not reached 16 years by the start of the rugby season in question or would have reached 19 years during the season. Written informed consent was obtained from individual players, and passive consent forms were sent to all parents/legal guardians to provide an opportunity to opt out. The cohorts comprised 250 academy players (2006-2007: 131; 2007-2008: 119 ) and 222 school players (2006-2007: 139; 2007-2008: 83) , with 46 academy and 10 school players participating in both seasons. There were 121 forwards and 129 backs in the academy cohort and 122 forwards and 100 backs in the school cohort. Body mass and body height were recorded for each player at the beginning of the season.
For the purposes of injury surveillance, the start date was taken as July 1 and the end date as June 30 for each season; however, competitive matches (and therefore the match exposure) were played between September 1 and April 30 in each season.
All injury definitions used were consistent with the 2007 International Rugby Board (IRB) consensus statement. 14 The primary injury definition used was for time-loss injuries, which were defined as ''any injury that prevents a player from taking a full part in all training and match play activities typically planned for that day for a period of greater than 24 hours from midnight at the end of the day the injury was sustained.'' Recurrent injury was defined as ''an injury of the same type and at the same site as an index (new) injury, occurring after a player's return to full participation from the index injury.'' Injury severity was defined by the total number of days elapsed from the day of injury until a player returned to full fitness, with full fitness being defined as ''the player being able to take a full part in training activities typically planned for that day and available for match selection.'' 14 Details of each individual injury were recorded on a specific form using version 8 of the Orchard Sports Injury Classification System (OSICS) coding system 41 and included the date of injury, classification of the injury at 2 levels (body site, type of injury), information on the injury event, and the date of return from injury. Match exposure was calculated as the number of matches multiplied by the number of registered players per team multiplied by 1.33 hours, with the appropriate correction applied if a team had fewer than 15 players registered in the audit. Within academies, match exposure and injury data were collected by the strength and conditioning coach and physical therapist, respectively. Within schools, the first team coach recorded match exposure and the school nurse or physician recorded injury data. In order for schools to be included in the study, one criterion used was that a nominated medical professional (either an onsite nurse, physical therapist, or physician) had to treat all rugby injuries sustained. This restriction was considered important from a data quality perspective but may have biased the school cohort toward the higher end of the overall school playing population in England.
Exposure and injury data for the 2 seasons were combined. Injury incidence was reported as the number of injuries per 1000 player-match hours with 95% confidence intervals (CIs). Injury severity was reported as the mean and median number of days' absence from training and match play. Injury burden was calculated by multiplying the injury incidence by mean severity and presented as total days' absence per 1000 player-hours. 16 Significant differences in values for injury incidence and severity were calculated using 2-tailed Z tests. 27 Significance was accepted at P .05 (equal variances assumed), and exact P values are reported throughout.
Ethical approval for the study was obtained from the institutional ethics committee.
RESULTS
Academy players were significantly taller (P = .002) and heavier (P = .001) than school players. Forwards were significantly taller and heavier than backs for both academy (height: P = .001; body mass: P = .001) and school (height: P = .003; body mass: P = .001) groups (Table 1 ).
Incidence and Severity of Match Injury
In total, 2343 player-match hours (forwards: 1132; backs: 1211) and 109 match injuries (forwards: 44; backs: 65; new injury: 96; recurrent injury: 13) were recorded for academies, and 3843 player-match hours (forwards: 2060; backs: 1783) and 134 match injuries (forwards: 69; backs: 65; new injury: 119; recurrent injury: 15) for schools during the study. There were a total of 3441 and 3947 lost days of playing and training time because of match injuries within academies and schools, respectively. The match injury incidence was 47 injuries per 1000 player-match hours (95% CI, 39-57) in the academy group and 35 injuries per 1000 player-match hours (95% CI, 29-41) for the school group. These rates were significantly different (P = .026; Table 2 ), and the rate ratio was 1.34 (95% CI, 1.04-1.72). The mean severity of all match injuries was not significantly different between academies and schools (P = .617), but the mean severity of recurrent injuries was greater in schools (P = .013) ( Table 2 ).
Nature of Match Injury
Injury Location. The lower limb was the most commonly injured body area for both academies and schools ( Figure  1 ), and this was the same for forwards and backs. For the academy group, the mean severity of injuries was highest for the trunk, whereas injuries to the upper limb were the most severe for the school group ( Figure 1 ).
By individual anatomic location, the incidence of match injuries was highest to the ankle/heel, shoulder, and knee within academies, with the incidence of ankle/heel injuries higher than in schools (P = .02). In schools, the incidence of match injuries was highest to the shoulder and head (see Appendix 1A, available in the online version of this article at http://ajs.sagepub.com/supplemental/). The most severe match injuries occurred to the lumbar spine and knee in academies and to the shoulder in schools (Appendix 1B, available online). Combining incidence and severity to produce injury burden values as a measure of the overall injury risk demonstrated that shoulder and knee injuries resulted in the highest burden for both the academy and school groups (Appendix 1C, available online).
Injury Type
The incidence of joint (nonbone) ligament injuries was higher than other injury types in both academies and schools and significantly higher in academies compared with schools (academy: 24/1000 player-match hours; school: 14/1000 player-match hours; P .01; Table 3 ). There were no other significant differences between playing groups.
Combining injury location and injury type for specific diagnoses, knee anterior cruciate ligament injuries for the academies and shoulder dislocation/instability injuries for schools resulted in the greatest number of overall days lost ( Table 4 ).
Injury Event
Injuries were more likely to occur during contact events (academy: 77%; school: 87%; Table 5 ). The tackle was the event most commonly associated with injury in both academies and schools, including being tackled (academy: 30% of all injuries; school: 32% of all injuries) and tackling (academy: 21% of all injuries; school: 25% of all injuries). Being tackled (academy: 443 days absence/1000 player-match hours; school: 345 days absence/1000 player-match hours) and tackling (academy: 325 days absence/1000 playermatch hours; school: 264 days absence/1000 player-match hours) posed the greatest injury burden during matches Combined data for 2 seasons. Data are presented as mean (standard deviation). Significant difference between academy and school at *P .05 and **P .01; significant difference between forwards and backs at y P .05 and yy P .01. within both academies and schools (Appendix 2, available online), possessing significantly more risk when compared with all other contact events (all P \ .05). After cross-referencing injuries to specific body regions and the match events that caused them, being tackled was the most common cause of all lower-limb injuries (academy: 35% [95% CI, ; school: 44% [95% CI, 32 to 56] of lower-limb injuries), while tackling was the most common cause of all upper-limb injuries (academy: 48% [95% CI, 30-66]; school: 53% [95% CI, 36-70] of upper-limb injuries). In academies, most knee injuries were associated with being tackled (70% of knee injuries), and this injury combination represented the greatest burden. In schools, 41% of all shoulder injuries were sustained during tackling, and these injuries resulted in the greatest number of overall days lost.
Academy

DISCUSSION
This study determined the incidence, severity, nature, and match events relating to injury in English Premiership academy and school rugby union. The main findings are that (1) match injury incidence was approximately 34% higher in the academy group than the school group, and this difference was statistically significant; (2) the severity of new injuries was not significantly different between groups, but the severity of recurrent injuries was greater in the school group; (3) the lower limb was the most common injury location for both academy and school players; (4) joint ligament injuries were the most common type of injury; and (5) the tackle was the most common injury event during matches for both academy and school players.
The incidence of match injuries within this study was higher than reported in most previous youth rugby union research where a similar injury definition was used. Kerr et al 26 Incidence measured as number of injuries per 1000 player-match hours; severity measured as number of days absent. Significant difference between academy and school at *P .05. CI, confidence interval. 
Incidence measured as number of injuries per 1000 player-match hours; severity measured as number of days absent. Significant difference between academy and school at **P .01. CI, confidence interval; CNS/PNS, central and peripheral nervous system. In 2 smaller studies that conformed to the IRB consensus statement for reporting injuries, the match injury incidence for Scottish schools rugby with a wider age range (11-17 years) was reported at 11/1000 player-match hours, 34 although the injury rate at the U17 level in a single English community club was 49/ 1000 player-match hours (approximate 95% CI: 26 to 74 injuries/1000 player-match hours). 20 Two studies published before the IRB consensus statement reported injury incidences in youth rugby of 28 injuries/1000 player-hours in New Zealand 24 and 13 injuries/1000 player-hours in Australia (14-16 years), 32 but these studies combined match and training data, 24, 32 which reduces the incidence value since training injury rates have consistently been reported as being considerably lower. 4 Despite the injury incidence values in the present study returning higher values than most previous studies in youth rugby, the incidences in both groups were considerably less than those previously reported for elite senior male rugby union, for example, 91 injuries per 1000 player-hours for English Premiership club rugby 6 and 84 injuries per 1000 player-match hours for Rugby World Cup 2007. 13 A study of international-level U20 rugby 15 (higher-level and older participants than in the present study) returned a match injury incidence rate of 57 injuries per 1000 player-hours, suggesting that injury rates progressively increase with playing level and age. This finding is in line with most other commentaries on comparative injury rates between youth and adult sport, which suggest that injury rates are lower for youth sport. 24, 32 There is a common claim that higher levels of play are associated with a higher injury incidence. [1] [2] [3] 5, 7, 23, 40 Within the present study, there was a significant difference in the incidence of match injuries between academies and schools, where the incidence was 34% higher in the professional academies. Academy players had greater height and mass than their school counterparts, and larger players have been reported to have a higher risk of injury. 28 In addition, while fitness testing data were not explicitly collected in the current study, it is reasonable to assume that the professional academy players were more physically fit and stronger because of more sophisticated strength and conditioning programs and more training time (average 2.5 times the amount of training compared with schools players 37 ). On one hand, better conditioning and preparation could be protective for players, 8, 35 but on the other hand, stronger and fitter players will generate higher forces during collision phases of the game and are likely to be involved in more contact events, thus exposing them to more potential injury events and therefore increasing the risk of injury. Presently, it is difficult to interpret clearly the independent or combined effects of playing level, player size, and player fitness/strength on injury risk, but the present data suggest that there might be a tradeoff between level of physical preparation and intensity of rugby such that injury rates between playing levels are greater in higher-level youth rugby.
There was no difference in the overall severity of injuries sustained by academy and school players, although a noticeable result was that the mean severity of recurrent injuries was significantly higher in schools (46 days) compared with academies (18 days), despite the mean severity of new injuries being similar in schools (27 days) and academies (33 days). Unlike schools, academy players did not take part in a formal structured academy league season in the playing seasons studied. Hence, they potentially had less competitive pressure to return to match play after an index (new) injury occurred. This lack of pressure is likely to allow for more lengthy rehabilitation and a delay in making the decision that a player has returned to full fitness. By contrast, pressure to return to play within schools competing in the National Schools Cup (the Incidence measured as number of injuries per 1000 player-match hours; severity measured as number of days absent. The specific event associated with the match injury was recorded for 101 of 109 injuries for the academy group and 121 of 134 injuries for the school group, with 100% in this table equating to the number of injuries with known events. CI, confidence interval. b Pairwise comparisons for contact injury events are reported by the following convention, all at P .05: c = different from collision; r = different from ruck/maul; s = different from scrum; t = different from tackled; u = different from tackling; o = different from other; n = different from noncontact. primary competition for English schools rugby) may reduce the time for those players to complete rehabilitation and to return to play. Assuming the level of medical support is less in schools (typically nursing support with visiting general practitioners) than in academies (typically physical therapist support with access to physicians trained in sports medicine), it might be predicted that schools would take longer to return players to training and competition after injury; however, school players were in fact returned to play sooner than academy players (by 6 days on average). This early return from injury may be the reason for the greater severity of recurrent injuries sustained in the school environment (by 28 days on average). This potential issue of pressure to return to play, either from the players themselves or others, is recognized as one of the decision modification factors proposed in the model of Creighton et al, 10 which needs to be taken into consideration when deciding a return to participation. The present result of recurrent injury severity points to a need for coaches and medical personnel at schools to consider their return-to-play decision-making processes and on average allow greater rehabilitation time for injuries before players return to full training and competition.
Findings in the present study generally agree with previous research that the most common location for injury is the lower limb 3, 24 and the most common type of injury is a joint (nonbone) ligament sprain. 3, 26 When considering injuries to individual body locations, the present study demonstrates an overall pattern that is also similar to previous research, 6 with injuries to the knee and to the shoulder representing the highest burden for both levels of play within English youth rugby union. This provides useful information about the direction for future injury prevention strategies.
In terms of the events associated with match injuries, the tackle (being tackled and tackling) produced the highest percentage of injuries for academy (51% of all injuries) and school (57% of all injuries) players. These findings are consistent with previous research in which the tackle was the most common match event associated with injury in both senior 1, 3, 18 and youth rugby union, 18, 26 with greater rates of injury reported for the player being tackled. 6 The proportion of injuries relating to the tackle event in the current study may even be higher than previously found. For example, Brooks et al 6 returned approximately 38% of all injuries due to the tackle event for English Premiership players, and Fuller et al 13 returned approximately 35% of all injuries due to the tackle event in Rugby World Cup 2007. The burden of injuries from tackling or being tackled was also significantly higher than all other injury events for both academies and schools. This finding again reinforces the recommendations from previous rugby injury studies, which advocate that attention should be paid to the development of good tackling technique, 11 although it must be remembered that one reason for the high incidence of tackle injuries is the greater number of tackle events per game when compared with other contact events. 12 Combining the injury location and injury event data, being tackled was the greatest cause of all lower-limb injuries (academy: 35%; school: 44%), while tackling was the greatest cause of all upper-limb injuries (academy: 48%; school: 53%). Shoulder injuries, in particular dislocations, were most often associated with tackling, with 41% of all shoulder injuries in the school group sustained during tackling and these injuries resulting in the greatest number of overall days lost. A focus on shoulder injuries is important when developing preventative strategies, not just because of their incidence but also their severity. 21 Driving into another player during the tackle or falling onto the shoulder or an outstretched arm in an ''at threat'' position of abduction and external rotation have been cited as the main mechanisms for shoulder injury. 31 With regard to methodological considerations, it is recognized that this study surveyed only a small proportion of the youth rugby-playing population in England, although it did involve most eligible academy-level players nationally. The need for appropriate medical support to complete the injury recording probably biased the school cohort to the upper end of the school rugby-playing spectrum. The present analysis is also restricted to matchrelated rugby exposure and the injuries sustained as a direct result of this exposure.
CONCLUSION
The present study found that the incidence of match injury in English youth rugby union was higher than that reported in most previous studies for youth rugby but lower than reported for senior elite rugby. There were differences in injury rates between playing levels, with 34% higher injury incidence in the academy group. Common injury locations (lower limb), types (ligament), and events (tackle) were generally similar to the results reported in previous epidemiological studies for both junior and senior rugby. However, some recommendations for injury risk management can be specifically tailored for youth rugby union, including continued attention to tackle technique along with targeted injury prevention strategies for the knee and shoulder joint.
